INTRODUCTION
Gas flooding is an effective enhanced oil recovery (EOR) method. The displacement efficiency of 'gas flooding can be economically feasible under both miscible and immiscible conditions. The efficiency of gas flooding has been hindered by the unfavorable mobility of injected gases as well as gravity segregation, which results in poor sweep efficiency. Several methods have been considered to mitigate the problem of mobility control: (1) water-alternating gas (WAG) process; (2) use of surfactants to generate foam to reduce gas mobility; (3) polymer-enhanced WAG process; (4) viscosifying the gas phase by means of addition of polymers as direct thickeners; (5) NIPER's previous work on this project was devoted to the study of foam rheology and effective foam relative permeability, and results were published. 4 This work is desigm;,.__ to study the transport and adsorption phenomena of surfactants in porous media and to develop mathematical models for the prediction of surfactant concentration distribution.
One of the major problems encountered in injecting surfactants in reservoirs is the adsorption of surfactants in formation rock, which consumes most of the injecte3 surfactants. The loss of surfactants due to adsorption and precipitation will reduce performance and make surfactant applications uneconomical. To design and optimize a surfactant injection process, the transport and adsorption phenomena of the Injected surfactants in porous media must be understood. The transport and adsorption of surfactants in reservoir formations are complicated problems. These problems are briefly reviewed in the following paragraphs.
Surfactants are complicated chemicals which contain hydrophobic and hydrophiiic parts. The hydrophilic groups are usually polar or ionic, whereas the hydrophobic parts are usually long-chain nonpolar hydrocarbons. The two different types of interaction: ion-ion interaction and hydrophobic interaction complicate the surfactant solution properties. Surfactant molecules will aggregate to form | micelles when the concentration of surfactant is above the critical micellar concentration (CMC) of the surfactant. Micelles do not adsorb significantly. the model was assumed to be a multicomponent single-phase flow with constant flow rate, and the surfactant distribution was assumed to be affected by dispersion, capacitance-retention, and adsorption.
The porous medium was assumed to be homogeneous. A one-dimensional linear flow and radial flow models were developed in this work.
Convection-Dispersion (_CD) Model
The simplest model to describe the miscible transport of chemicals through a reservoir rock is the Forthe casethatadsorption anddesorption reachequilibrium instantaneously, equations 9 and 10 can be combinedas27
where a (=kaQs/kd) and b (=ka/kd)are constantsin Langmuiradsorptionisotherm. The behaviorof this equilibriumadsorptionmodelis shown in figure 7 as comparedwithtime-dependadsorptionmodel(eq. 10). For a one-dimensional single-phaseflow through porous media, the model encompassesthe followingdifferentialequations, At r= R,fort> 0
4, Convectlon-DIsDers!on-AdsorDtlon-CaDacltance (CDACI Model
where Vo, the flow velocity at the wellbore inlet, is constant and ali other notations are the same as the linear CDAC model except the macroscopic balance equation is written in cylindrical coordination (r, e, Z).
Since the porous m_ium is homogeneous in porosity and permeability, there is no variation in flow in the _direction and Z-direction (ignoring gravity segregation). Therefore, the interstitial velocity, V, is a function of the radial distance r,
Thus, the velocityhas to be updatedwith each space increment. The dimensionlessform for the balance equation isgiven in appendix A.
Numerical Solution Method
The Crank-Nicolson method29 was used to solve the four simultaneous equations. The terms wi are weight factors. Computer coding for the LSLP technique has been developed.
Influence of Parameters
The effect of the characteristic parameters on the dimensionless concentration profiles and Before the sample injection, the packed column was evacuated and continuously flushed with deionized water until the column was stable and no peaks for impurities appeared. A specified slug size of sample was injected by switching the sample injection valve to the sample loop for a specific time and then switching back to the water line. Surfactant solutionswere Injected at constant flow rates of 4 to 10 mL/hr.
Crushed rocks of Berea sandstone, a dolomitic-limestone, and a reservoir sandstone (Liao He reservoir from China) were sieved and measured for specific surface area by the BET method. These sands were chosen to determine if there was a relative difference in surfactant loss due to rock type and surface area.
The apparatus can be used for surfactant adsorption tests at high temperatures and pressures with only minor modifications. Because of limited time, ali experiments of this work were conducted at ruom temperature (75°F) and ambient pressure. The transport of surfactant insidea porous medium is govemed by many physical aspects: convection flow, dispersion, pore scale diffusion, and adsorption. Ali these factors will affect the shape of the effluent concentration profile. To Identify the effect of adsorption, other fluids, which have negligible adsorption in packed sand, were used as tracers to determine the dispersion and diffusion parameters. The dispersion created at the inlet and outlet of the volume was minimized by shortening the connecting line. The retention time and dispersion caused by the void volume at the Inlet and outlet section were also determined and used for calibration. The retention time of the effluent concentration curve is critical for the adsorption determination.
2._ Results aqd
The RI response curve must be corrected by subtracting the retention time due to the void volumes in both inlet and outlet connecting lines. Although using a longer column can mitigate the error, it will increase experimental time and require a large amount of su.'lactant solution. The design of using a sample injectior_ valve enables one to accurately measure the injection sample size and eliminate the pressure effect on response curve. Before each test run, a slug of the surfactant solution was injected into the system withoutthe packed column to obtain the reference response peak which corresponds to the originalsolutionconcentrationCo, and to measurethe retentiontime caused by the voidvolume. There was no significant change of the pH-value for the DIW after adding Alipal CD-128. The effect of pH on the adsorption of Alipal CD-128 is shown in figure C-3 . The pH-values were adjusted by adding acid (HCI) or base (NaOH) into the solution, lt can be seen that the adsorption of Alipal CD-128 is higher at low pH than at high pH values. Many studies have concluded that at constant monomer concentration, the adsorption of anionic surfactants on mineral oxides increases with decreasing pH, because of the increased electrostatic attraction between adsorbate and surface. 5,45-48 With low-pH alkaline agents such as sodium bicarbonate (NaHCO3), surfactant adsorption is reduced significantly, as shown in figure C-4 , and may be one of the beneficial aspects of surfactant alkaline flooding.49 Because of the reduction of surfactant adsorption in the presence of alkaline agents, the surfactant-alkaline -_ injection method facilitates the use of lowconcentrationsof surfactants.
